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Claims 

What is claimed is: 

A method for bonding a first substrate surface to a second substrate surface 
comprising: 

(a) providing a catalyst at the first substrate surface; 

(b) providing a metathesizable material between the first substrate surface and tlie 
second substrate surface or providing a metathesizable material as a component of 
the second substrate; and 

(c) contacting the catalyst on the first substrate surface with the metathesizable 
material so that the metathesizable material undergoes a metathesis reaction and 
bonds the first substrate surface to the second substrate surface. 

2. A method according to claim 1 wherein at least one of the substrates comprises 
an el as tomeric material. 

3. A method according to claim 2 wherein the elastomeric material is a 
thermoplastic elastomer. 

4. A method according to claim 1 wherein one of the first or second substrates 
comprises a metallic material and the other first or second substrate comprises an 
elastomeric material. 

5. A method according to claim 4 wherein the metallic material comprises steel 
and the elastomeric material is selected from natural rubber, polychloroprene, 
polybutadiene, polyisoprene, styrene-butadiene copolymer rubber, acrylonitrile-butadiene 
copolymer rubber, ethylene-propylene copolymer rubber, ethylene-propylene-diene 
terpolymer rubber, butyl rubber, brominated butyl rubber, alkylated chlorosulfonated 
polyethylene rubber, hydrogenated nitrile rubber, silicone rubber, fluorosilicone rubber, 
poly(n-butyl acrylate), thermoplastic elastomer and mixtures thereof. 
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6. A method according to claim 1 wherein the first substrate comprises a tire 
carcass and the second substrate comprises a tire tread. 

7. A method according to claim 1 wherein step (b) comprises applying the 
metathesizable material to the second substrate surface and step (c) comprises contacting 
the catalyst on the first substrate surface and the metathesizable material-applied second 
substrate surface. 

8. A method according to claim 1 wherein at least one of the substiates is 
substantially cured elastomeric material. 

9. A method according to claim 4 wherein the elastomeric material is 
substantially cured. 

10. A method according to claim 1 .wherein step (c) occurs at room temperature. 

11 . A method according to claim 1 wherein steps (a)-(c) occur at room 
temperature. 

12. A method according to claim 6 wherein initial bonding in step (c) occurs 
within one hour. 

13. A method according to claim 1 wherein step (a) comprises applying a catalyst 
onto the first substrate surface. 

14. A method according to claim 13 wherein the catalyst is dissolved or mixed 
into a liquid carrier fluid. 

15. A method according to claim 13 wherein the catalyst is included as a 
component in a multi-component composition. 
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16. A method according to claim 1 wherein the catalyst is included as a 
component of the first substrate. 

17. A method according to claim 7 wherein the metathesizable material is in the 
form of a liquid, paste or meltable solid. 

18. A method according to claim 7 wherein the metathesizable material is 
included as a component in a multi-component composition. 

19. A method according to claim 1 wherein the metathesizable material is 
included as a component of the second substrate. 



p. A method for bonding a metallic substrate surface to an elastomeric substrate 



surface comprising: 

(a) applying a catalyst to the metallic substrate surface; 

(b) applying a metathesizable material to the elastomeric substrate surface; and 

(c) bringing the metallic substrate surface and the elastomeric substrate surface 
together to contact the catalyst and the metathesizable material. 

21. A method according to claim 20 wherein step (c) occurs at room temperature. 

22. A method according to claim 20 wherein the elastomeric substrate is a 
substantially cured elastomeric material. 

23. A method according to claim 1 wherein the catalyst is selected from at least 
one of a rhenium compound, ruthenium compound, osmium compound, molybdenum 
compound, tungsten compound, titanium compound, niobium compound, iridium 
compound and MgCb- 

24. A method according to claim 23 wherein the catalyst is selected from a 
ruthenium compound, a molybdenum compound, iridium compound and an osmium 
compound. 
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25. A method according to claim 24 wherein the catalyst has a structure 
represented by 



M=C 
L 



wherein M is Os, Ru or Ir; each R' is the same or different and is H, alkenyl, alkynyl, 
alkyl, aryl, alkaryl, aralkyl, carboxylate, alkoxy, alkenylalkoxy, alkenylaryl, 
alkynylalkoxy, aryloxy, alkoxycarbonyl, alkylthio, alkylsulfonyl or alkylsulfinyl; X is the 
same or different and is an anionic ligand group; and L is the same or different and is a 
neutral electron donor group. 

26. A method according to claim 25 wherein X is CI, Br, I, F, CN, SCN, or N3; L 
is Q(R^)a wherein Q is P, As, Sb or N; R^ is H, cycloalkyl, alkyl, aryl, alkoxy, arylate or a 
heterocyclic ring; and a is 1, 2 or 3; M is Ru; and R* is H, phenyl, -CH=C(phenyl)2, - 
CH=C(CH3)2 or -C(CH3)2(phenyl). 



27. A method according to claim 26 wherein the catalyst is a phosphine- 
substituted ruthenium carbene. 

28. A method according to claim 27 wherein the catalyst is 
bis(tricyclohexylphosphine)benzylidene ruthenium (IV) dichloride. 

29. A method according to claim 1 wherein the catalyst is stable in the presence 
of moisture and oxygen and can initiate polymerization of the metathesizable material 
upon contact at room temperature. 



30. A method according to claim 1 wherein the metathesizable material includes 
at least one reactive unsaturated functional group. 
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3 1. A method according lo claim 30 wherein the metathesizable material 
comprises an olefin. 

32. A method according tx> claim 3 1 wherein the metathesizable material is 
selected from ethene, a-alkene, acyclic alkene, acyclic diene, acetylene, cyclic alkene, 
cyclic polyene and mixtures thereof. 

33. A method according to claim 32 wherein the metathesizable material 
comprises a cycloolefin. 

34. A method according to claim 33 wherein the metathesizable material is a 
monomer or oligomer selected from norbomene, cycloalkene, cycloalkadiene, 
cycloalkatriene, cycloalkatetraene, aromatic-containing cycloolefin and mixtures thereof. 

35. A method according to claim 34 wherein the" metathesizable material is a 
norbornene monomer or oligomer. 

36. A method according to claim 35 wherein the norbomene has a structure 
represented by 
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Wherein X is CH2, CHR^ C(R^)2, O, S, N-R^ P-R^ 0=P-R^ Si(R^)2, B-R^ or As-R^ each 
R* is independently H, CH2, alkyl, alkenyl. cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-containing group, anhydride-containing group, thibalkoxy, 
sulfoxide, nitro, hydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R^ is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R^ is 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaiyl, aralkyl or alkoxy.. 

37. A method according to claim 36 wherein the metathesizable material 
comprises ethylidenenorbornene monomer or oligomer. 

38. A method according to claim 1 wherein the metathesizable material comprises 
liquid ethylidenenorbornene monomer. 
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39. A method according to claim 1 wherein the catalyst is applied in an aqueous 
solution or mixture and the metathesizable material is applied in the form of a liquid that 
is substantially 100 percent reactive. 

40. A method according to claim 1 wherein the method is substantially free of the 
use of volatile organic solvents, 

41. A method according to claim 20 wherein the metathesizable material 
comprises norbornene monomer or oligomer having a structure represented by 




59 



Attorney Docket No. IR-^^«T) 



or 



^0 



Ill 



1^ 



10 



=: 15 



X r2 

wherein X is CH2, CHR^ C(R^)2, O, S, N-R^ P-R^ 0=P-R\ Si(R^)2, B-R^or As-R^ each 
R^ is independently H, CH2, alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acry]ate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R^ is a fused aromatic, aliphatic or heterocyclic.or polycyclic ring; and R^ is 
alkyl, alkenyl, cycloalkyl, cycloalkenyl. aryl, alkaryl, aralkyl or alkoxy; and the catalyst is 
selected from a ruthenium compound, a molybdenum compound and an osmium 
compound. 

42. A method according to claim 41 wherein step (c) occurs at room temperature. 



20 
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43. A method according to claim 1 wherein step (a) comprises applying a 
ruthenium catalyst in a liquid carrier to the first substrate surface, step (b) comprises 
applying a metathesizable liquid norbornene monomer to the second substrate surface and 
step (c) comprises contacting the catalyst-applied first substrate surface and the monomer- 
applied second substrate surface. 

A method for bonding a tire tread to a tire carcass comprising: 

(a) applying a catalyst to the tire tread or tire carcass; 

(b) applying a metathesizable material to the tire tread or tire carcass; and 
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(c) contacting the catalyst-applied tire tread or tire carcass and the metathesizable 
material-applied tire tread or tire carcass together so that the metathesizable material 
undergoes a metathesis reaction and bonds the tire tread to the tire carcass. 

45. A method according to claim 44 wherein step (c) occurs at room temperature. 

46. A method according to claim 44 wherein the tire tread comprises precured 
retread stock. 

47. A method according to claim 44 wherein the metathesizable material 
comprises norbornene monomer or oligomer having a structure represented by 




or 
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wherein X is CH2, CHR^ C(R^)2, O, S, N-R^ P-R^ 0=P-R^ Si(R^)2, B-R^ or As-R^ each 
R' is independently H, CH2, alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryi, alkaryl, aralkyl, 
halogen, halogenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R^ is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R^ is 
alkyl, alkenyl. cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl or alkoxy; and the catalyst is 
selected from a ruthenium compound, a molybdenum compound and an osmium 
compound. 

48. A method according to claim 44 wherein the catalyst is applied to the tire 
carcass and the metathesizable material is applied to the tire tread. 

49. A method according to claim 13 wherein the catalyst is applied so that it is in 
direct contact with the first substrate surface. 

Y^O. A method for adhering a material to a first non-fibrous substrate surface 
20 comprising: 

(a) providing a catalyst at the first non-fibrous substrate surface; and 

(b) contacting the catalyst on the non-fibrous substrate surface with a material that 
undd^rfes a metathesis reaction upon contact with the catalyst to adhere the 
material to/the first non-fibrous substrate surface. 

25 \^ 

5 1 . A m^hod according to claim 50 wherein the catalyst is applied so that it is in 
direct contact wiihXthe first non-fibrous substrate surface. 
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> A method according to claim 50 wherein the metathesizable material forms a 
coatingWrertly on the first non-fibrous substrate surface. 

53. A method for providing a coating on a substrajfe surface comprising: 

(a) providing a catalyst at the substriate surface^/and 

(b) contacting the catalyst on the substrate sunace with a material that undergoes 
a metathesis reaction to form a coating on me substrate surface. 

54. A method according to claim 53 A^erein the coating is formed directly on the 
substrate surface. 



55. A method acdbrding to claim 53 wherein the coating has a thickness that is 
less than the thickne^ of the substrate 



56. A method according tp claim 53 wherein the substrate comprises a 
substantially cured elastomeric material 

57. A method according to claim 56 wherein the elastomeric material is a 
thermoplastic elastomer. 

58. A methodAccording to claim 53 wherein step (b) occurs at room temperature. 

59. A metj/od according to claim 53 wherein steps. (a)-(b) occur at room 
temperature. 

60. Ayfnethod according to claim 53 wherein step (a) comprises applying a 
catalyst ontcythe substrate surface. 



6a, a method according to claim 60 wherein the catalyst is dissolved or mixed 
into a Irauid carrier fluid. 
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62. A method according to claim 60 wherein the catalyst is included as a 
component in a multi-component composition. / i 

63. A method according to claim 53 wherein ^^catalyst is included as a 
component of the substrate. 



64. A method according to claim 56 wh^reiiYthe elastomeric material is selected 
from natural rubber, polychloroprene, polybutadienfe, polyisoprene, styrene-butadiene 
copolymer rubber, acrylonitrile-butadiene cc^olymfer rubber, ethylene-propylene 
copolymer rubber, ethylene-prottf^enp-die/e terpoiymer rubber, butyl rubber, brominated 
butyl rubber, alkylated chloroafUfforrkte^ rubber, hydrogenated nitrile rubber, 
silicone rubber, fluorosilicorfe mbber,/poly(n-bu^l acrylate), thermoplastic elastomer and 
mixtures thereof. / /// 

65. A method according/to claim 53 wiierein the catalyst is selected from at least 
one of a rhenium compound, mthenium comriound, osmium compound, molybdenum 
compound, tungsten compoyhd, titanium compound, niobium compound, iridium 
compound and MgCla. 

66. A method According to claim/65 wherein the catalyst is selected from a 
ruthenium compoun^, a molybdenum cc^pound, an iridium compound and an osmium 
compound. 

67. A jjnethod according to clsjlim 66 wherein the catalyst has a structure 
represented 1 
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wherein M is Os, Ru or Ir; each R' is the same or different ancWs H, alkenyl, alkynyl, 
alkyl, aryl, alkaryl, aralkyl, carboxylate, alkoxy, alkenyl alkoiy, alkenylaryl, 
alkynylalkoxy, aryloxy, alkoxycarbonyl, alkylthio, alkylsuj/onyl or alkylsulfinyl; X is the 
same or different and is an anionic ligand group; and L i/ the same or different and is a 
neutral electron donor group. 



10 



68. A method according to claim 67 wheretti X is CI, Br, I, F, CN, SCN, or N3; L 
is Q(R^)a wherein Q is P. As, Sb or N; R^ is H, cvfcloalkyl, alkyl, aryl, alkoxy, arylate or a 
heterocyclic ring; and a is 1, 2 or 3; M is Ru; aiyfl R' is H, phenyl, -CH=C(phenyl)2, - 
CH=C(CH3)2 or -C(CH3)2(phenyl). 
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69. A method accorc 
substituted ruthenium 




ing to claim 6f wherein the catalyst is a phosphine- 
e. 



70. A method/ aci^ording to claLfn 69 wherein the catalyst is 
bis(tricyclohexyIphosphinc)benzylideyic ruthenium (IV) dichloridc. 

71. A method according to/claim 53 wherein the catalyst is stable in the presence 
of moisture and oxygen and can ijlitiate polymerization of the metathesizable material 
upon contact at room temperatuy 



72. A method accordifig to claim 55 wherein the metathesizable material includes 
at least one reactive unsaturated functional group. 

25 73. A method acc;6rding to claim 72 wherein the metathesizable material 

comprises an olefin. 
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74. A method/according to claim 72 wherein the metathesizable material is 
selected from ethene; a-alkene, acyclic alkene, acyclic diene, acetylene, cyclic alkene and 
cyclic polyene and/mixtures thereof. 
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75. A method according to claim 53 wjjerein the metathesizable material 
comprises a cycloolefin. 

76. A method according to claim 75 wherein the metathesizable material is a 
5 monomer or oligomer selected from norborriene, cycloalkene, cycloalkadiene, 

cycloalkatriene, cycloalkatetraene, aromatic-containing cycloolefin and mixtures thereof. 



77. A method according to claim 76 wherein the metathesizable material 
comprises a norbomene having a structure represented by 
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wherein X is CH2, CHR^ C{Rp2, O, S, N-R^ P-R^ 0=P-R^ Si(R^)2, B-R^ or As- 
R^; each R* is independently H, CHJ alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, 
alkaryl, aralkyl, halogen, halogenatefl alkyl, halogenated alkenyl, alkoxy, oxyalkyl, 
carboxyl, carbonyl, amido, (meth)aarylate-containing group, anhydride-containing group, 
thioalkoxy, sulfoxide, nitro, hydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, 
silanyl, cyano or imido; R^ is a fusJed aromatic, aliphatic or heterocyclic or polycyclic 
ring; and R^ is alkyl, alkenyl, cycLbalkyl, cycloalkenyl, aryl, alkaryl, aralkyl or alkoxy. 



78. A method 
comprises ethylidenen- 




cording/to'claim 77 wherein the metathesizable material 
bomen©4nonomer or oligomer. 



79. A meth(o^ accordii/g to claim 53 wherein the metathesizable material is in the 
form of a liquid. 



80. A method accoraing to claim 53 wherein the metathesizable material is a 
component of a multi-comppnent composition. 



81. A method according to claim 53 wherein the catalyst is applied in the fonn of 
an aqueous solution or mixture and the metathesizable material is applied in the form of a 



liquid that is substantially 



82. A method according 
the use of volatile organi 



83. A method ac 



100 percent reactive. 



to claim 53 wherein the method is substantially free of 
solvents. 



ording to claim 53 wherein step (a) comprises applying a 



ruthenium catalyst in a liquid carrier to the substrate surface and step (b) comprises 
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applying a metathesizable liquid norbomene monomer tojftie catalyst-applied substrate 
surface. 

84. A manufactured article produced by the method of claim 1. 

85. A manufactured article that includes a fitist substrate surface, a second 
substrate surface and an adhesive layer interposed therebetween, wherein the first 
substrate surface comprises an elastomeric material and the adhesive layer comprises a 
metathesis polymer. 

86. A manufactured article according tc/claim 85 wherein the second substrate 
surface comprises a metallic material. 

87. A manufactured article accordinmo claim 85 wherein the metathesis polymer 
is produced from a norbomene naonomer haying a structure represented by 




R' 



R* 



R' 



R' 



^ R' 



R' 
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or 



.R' 
,1 



R' 



10 



m 
m 



^= 15 

Q 



wherein X is CHj, CHR\ C(R^)2. o/ S. N-R^ P-R\ 0=P-R^ Si(R^)2, B-R^ or As-R^ each 
R' is independently H, CHi, alkylAlkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alkyl, haloginated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, keto, tarbamato, sulfonyl, sulfinyl, carboxylate, silahyl, cyano 
or imido; R is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R*^ is 
alkyl, alkenyl, cycloalkyl, cyc/oalkenyl, aryl, alkaryl, aralkyl or alkoxy. 

88. A iMnufacturetf article according to claim 87 wherein the norbomene 
monomer comw ises ethyliflenenorbomene. 



1/ 



89. /iY manufactufed article according to claim 85 wherein the elastomeric 
material cdrfiprises a tharmoplastic elastomer. 



20 90. A tire laminate comprising a tire carcass have an outer periphery surface, a 

tire tread having a bohding surface, and a metathesis polymer adhesive layer between the 
outer periphery surface of the tire carcass and the bonding surface of the tire tread. 

91. A tire /aminate according to claim 90 wherein the metathesis polymer is 
25 produced from aynorbomene monomer having a structure represented by 
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wherein X is CH2, CHR^ C(R^)2, O, S. N-R\ P-R^ 0=P-R', Si(R3)2, B-R^or As-R^; each 
R' is independently H, CH2. alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alWyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-dontaining group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, keto, carbamate, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
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or imido; is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R"' is 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaiyl, aralkyl or alkoxy. 



92. A manufactured article according/X) claim 91 wherein the norbornene 
monomer comprises ethylidenenorbornene. 

93. A method accordii^to claijni 53 wherein step (b) comprises contacting the 
substrate surface multiple ^t^s witK^ tKe metathesizable material so as to form multiple 
coating layers. 

94. A method according^to claim 93 wherein an active amount of catalyst remains 
on the substrate surface after e^ach successive coating sufficient to polymerize the 
subsequent application of the metathesizable material. 



95. A method according to claim 24 wherein the catalyst comprises a bimetallic 
catalyst having a structure represented by 

PCy3 H 

wherein L is p-cymene or 1,3-di-t-butylcyclopentadiene and M is Ru, Os or Rh. 

96. A method according to claim ^6 wherein the catalyst comprises a bimetallic 
catalyst having a structure represented byy 




wherein L is p-cymene or/,3-di-t-butylcyclopentadiene and M is Ru, Os or Rh. 
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97. A method according to claim 24 whereij/the catalyst has a structure 
represented by 



I 

N 




wherein M is Mo or W; X is O o/S; R' is an alkyl, aryl, aralkyl, alkaryl, haloalkyl, 
haloaryl, haloaralkyl, or a silicon-containing analog thereof; are each individually the 
same or different and are an a^kyl, aryl, aralkyl, alkaryl, haloalkyl, haloaryl, haloaralkyl, or 
together form a heterocycli</or cycloalkyl ring; and R^ is alkyl, aryl, aralkyl or alkaryl. 

98. A method Recording to claim 66 wherein the catalyst has a structure 
represented by 



R" 



R' 



N 



.X 



R' 



2^ 



/ 

X 



M=CHR'' 



wherein M is Mo or W; X is O or S; R' is an alkyl, aryl, aralkyl, alkaryl, haloalkyl, 
haloaryK haloaralkyl, or a silicon-containing analog thereof; R^ are each individually the 
same^r different and are an alkyl, aryl, aralkyl, alkai7l, haloalkyl, haloaryl, haloaralkyl, or 
together form a heterocyclic or cycloalkyl ring; and R'' is alkyl, aryl, aralkyl or alkaryl. 
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